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Abstract: Protected areas are intended to achieve the long-term conservation of nature, but not all such
areas are equal in their effectiveness because of their varying regulation of human activities. In Costa
Rica, we assessed mammal and bird species presence and relative abundance in three protected
areas in the northern Talamanca Mountains. In this humid tropical forest area, we placed camera
traps in an adjacent national park, forest reserve, and indigenous territories, each with a different
mix of human activities. In 10,120 trap nights, we obtained 6181 independent photos of mostly
mammals (34 species other than humans) and birds (34 species). Species with greater abundance
or only occurrence in the national park were mammals and birds commonly hunted outside of the
park, large carnivores rarely documented in other areas, and poachers. Species found more often
outside of the park were medium-sized mammals, some birds, and domestic mammals. We conclude
that even in the same ecological area, varying regulations related to type of protected area have
significant effects on some mammal and bird species abundances and occurrences, and thus need to
be considered when assessing the overall effectiveness of protection as a conservation strategy.
Keywords: bird; conservation; forest reserve; humans; indigenous territory; mammal; national park
1. Introduction
The International Union for Conservation of Nature [1] defines a protected area as a “clearly
defined geographical space, recognized, dedicated and managed, through legal or other effective
means, to achieve the long-term conservation of nature with associated ecosystem services and cultural
values.” Thus, protected areas are considered important for maintaining biodiversity and the integrity
of the ecosystems [2,3]. Large natural areas such as national parks and reserves are essential for
conserving wildlife populations [4,5]; large mammals, especially top predators and large herbivores,
are often able to thrive in these protected areas because they are intended to provide shelter from
human persecution and anthropogenic habitat changes [6]. There are, however, several categories of
protected areas, each of which have different restrictions on human activities [7,8]. Right now, in Costa
Rica and other countries, some protected areas are no longer sufficient to provide protection to large
mammals [9], though establishing or maintaining landscape connectivity between multiple protected
areas can mitigate inadequate protection in a single area [10–12].
Costa Rica has nine official types of protected areas [8,13] as well as indigenous territories that are
often considered a kind of protected area [14], each of which has different restrictions on anthropogenic
activities. For example, national parks are “areas [intended] to protect outstanding natural and scenic
areas of national and international significance for scientific, educational, and recreational use. They are
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relatively large natural areas not materially altered by human activity where extractive resources use is
not allowed” [14]. Forest reserves are forests in which the main function is the production of timber and
those forest lands that by nature are especially suitable for that purpose [15]; more and less-restricted
human activities are allowed than in national parks. The aim for indigenous territories is “conservation
of cultures and their environments and the protection of life systems in these communities and the
way natural resources are used” [14]; they are autonomous, there are location-specific regulations
(e.g., hunting is allowed only for the indigenous population), and land can be used in any way without
the need for governmental permission [16].
Costa Rica has designated about 32% of its territory as some sort of protected area. Many of these
areas encompass humid ecosystems [17] where herbivores play an important role as seed dispersers
and thus predators not only affect prey populations, but also shape patterns of plant distribution
and diversity [18–20]. The population density of tropical forest vertebrates largely depends on
climatic factors such as elevation, floristic composition, and net primary productivity sources. Human
disturbance (e.g., hunting pressure and land-use change) also affects the density and distribution of
vertebrate species [6,21], and thus variation in such disturbance among different types of protected
areas can result in variation in the density and distribution of vegetation [7] and wildlife [22].
Here, we report the results of an assessment of mammal and bird species presence and relative
abundance in three protected areas in the northern Talamanca Mountains of Costa Rica. In this area
of humid tropical forest, we placed camera traps in an adjacent National Park, Forest Reserve, and
Indigenous Territories, each with a varying mix of human activities. We anticipated that, in this area of
similar basic ecological conditions, the effects of varying levels of protection would result in higher
diversity and abundance of mammals and birds in the areas with more protection [3], and a change in
species presence in some areas as the result of hunting by humans of certain species [23], followed by
an ecological cascade effect (e.g., mesopredator release; [24]).
2. Methods
2.1. Study Area
The Barbilla Sector in the northern Talamanca Mountains of Costa Rica is in the Volcánica
Central-Talamanca Biological Corridor between Limón and Cartago Provinces [13] and includes three
different kinds of protected areas, each one with a specific category of management; they include a
National Park (NP), a Forest Reserve (FR), and Indigenous Territories (IT; Figure 1). The main objective
of the 120-km2 Barbilla National Park (BNP) is the conservation of the tropical humid forest that
provides a large proportion of water production along the Caribbean slope of the Talamanca Mountain
Range [25]. Precipitation in the national park and the surrounding areas occurs throughout the year,
with relatively more rain during November–December and less in March, and averages ~4000 mm
annually [26]. In the Pacuare River Forest Reserve (PRFR) to the north of the Barbilla National Park, an
area of virgin forest was logged in the mid 1970s by means of 15 km of new unpaved roads, which
subsequently allowed for additional roads and settlements in the area [14]. Currently, the Forest
Reserve has some grasslands for cattle, forest plantations, human settlements, and eco-lodges. We also
sampled in adjacent indigenous territories including the Nairi Awari Indigenous Territory and the
Chirripó Indigenous Territory to the west and northwest of the national park. In both these areas, there
is a population of 6814 Cabécar, the second largest indigenous group in Costa Rica [24–29]. There are
relatively few settlements, and the Cabécar mainly hunt, plant bananas, cassavas and grains, and also
raise pigs, chickens, and cows.
Quantitatively, we calculated landscape characteristics (using geographic information system
data from ArcMap 10.2.2; ESRI 2014) of areas within 2 km of all camera traps set inside each of three
adjacent protected areas in the northern Talamanca Mountains of Costa Rica (Table 1). Elevations in
each of the areas are generally similar, though on average the Forest Reserve is at lower elevations.
There are no roads within the national park, and almost three times as many in the Forest Reserve
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compared to the indigenous territories, and as a result of logging and clearing, the Forest Reserve
was least forested. The composition of protected area type near each of our camera categories varied
because cameras were often located near borders of the protected areas (Figure 1); a number of Forest
Reserve cameras were also near unprotected areas.
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deployed to maximize the captures, 26 were on human trails (NP = 7, FR = 7, IT = 12) and 29 were on 
the animal paths (NP = 14, FR = 10, IT = 5); two of 17 camera stations in the IT were moved to within 
100 m of where the camera was located the previous year. Another camera location on the map 
appeared as if it was in FR (Figure 1), but was actually in reclaimed indigenous territory land that 
had not yet been updated in Atlas Digital. 
Figure 1. Location of camera stations within Barbilla National Park (dark gray), Indigenous Territories
(medium gray; Nairi Awari [NA], Chirripó [Ch], and Bajo Chirripó [BCh]), and the Pacuare River Forest
Reserve (light gray) in the Conservation Area Cordillera Volcánica Central [ACCVC] and Conservation
Area La Amistad-Caribe [ACLA-C] in the northern Talamanca Mountains of Costa Rica.
Table 1. Landscape characteristics of areas within 2 km of all camera traps set inside each of three
adjacent protected areas in the northern Talamanca Mountains of Costa Rica.
Nati nal Park Forest Reserv Indigenous Territories
Elevation (m) 729 (295–1281) a 421 (285–630) 665 (303–1083)
Road density (km/km2) 0.0 0.29 0.10
Distance to nearest road (k ) 0.0 1.38 (0.10–3.30) 2.79(1.49–4.36)
Vegetation cover type (%)
Primary forest 93 83 92
Secondary forest 5 0 1
Forest plantatio 0 1 0
Non-forested b 2 16 7
Protected area composition (%)
National Park 85 5 4
Forest Reserve 10 70 34
Indigenous Territories 4 12 59
Not Protected 0 13 3
a Range of values. b Includes grasslands, bare ground, and rivers.
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2.2. Camera Deployment and Data Collection
We placed cameras (Bushnell Trophy Cam®) on two different trail types to maximize the trap
success because wildlife is known to use both types [30,31]. Human trails were trails regularly used by
tourists, researchers, rangers, and local people and were 2–3 m in width. Animal paths were trails
mostly used by wildlife and were narrower (1 12 –2 m) than human trails. Of the 55 camera traps we
deployed to maximize the captures, 26 were on human trails (NP = 7, FR = 7, IT = 12) and 29 were
on the animal paths (NP = 14, FR = 10, IT = 5); two of 17 camera stations in the IT were moved to
within 100 m of where the camera was located the previous year. Another camera location on the map
appeared as if it was in FR (Figure 1), but was actually in reclaimed indigenous territory land that had
not yet been updated in Atlas Digital.
At each deployment location (camera station), an unbaited camera was placed ~0.5 m above
the ground, 2–4 m from the center of the trail, and with an unobstructed view of the trail. Cameras
were active 24 h per day and when activated they recorded a 30-s video with a minimum of 1 min
between consecutive videos (2013–2016), or a series of three still photos taken two seconds apart (all
other years). Cameras were set in the national park year-round during 2013 through 2016, in the Forest
Reserve during April–May 2009 and September–December 2012, and in the Indigenous Territories
during April–May 2009 and September–December 2011. During 2009 and 2011, cameras were checked
every month to change batteries and collect files because the cameras were not as technologically
advanced as in the recent years, when we checked every three months to change the batteries.
During all years of study, we lost some cameras because some stopped working due to high
humidity, some were damaged by jaguars or vandalized by people, and at least 10 were stolen. For each
camera that was deployed, we determined the number of trap nights; trap nights were the total days a
camera worked.
2.3. Analysis
Photos or videos were considered an independent record of a species if they were: (1) taken at
least 30 min apart (e.g., a series of three photos of the same species taken in consecutive seconds = 1
photo event); (2) consecutive photos of the same species could be identified as different individuals
(spots, scars, horns/antlers, sex) and not part of the same group (e.g., 15 min apart, going in opposite
directions = two photo events); or (3) photos of the same species separated by photos of a different
species (e.g., species 1, followed 2 min later by a species 2, followed 5 min later by species 1 = one
species with two photo events and another species with one photo event). Mammal and bird species
were identified and named using local field guides [32,33]. Photographs of humans were classified
as: (1) Research-Protection: researchers and park rangers; (2) Local persons who live, work, or
transit an area without hunting equipment or carrying killed wild animals; (3) Poacher: persons with
hunting/fishing equipment (e.g., rifle, blowgun, harpoon), or carrying killed wild animals; (4) Tourist,
hikers or persons with photo equipment; and (5) Unclassified people: persons that could not be
classified as one of the above.
We recognize that our samples were relatively small and did not justify extensive statistical analysis.
However, descriptive presentations of the data and simple statistical comparisons were justified and
both could still reveal and suggest important distributional differences. Thus, for a basic assessment of
species diversity, we tallied up the total number of species for the two seasons (September–April and
May–August) in the National Park (we only sampled in one season, September–April, in the IT and FR),
and assessed the differences between them. Then, we tested for differences during the September–April
season between the three protected area types. To assess possible total species diversity differences,
we plotted accumulation curves by counting how many traps nights were necessary to find a new
species in each area, and by season in the national park. For assessing differences in relative species
abundances among areas during the same season, we calculated relative abundance indices (RAI;
no. of independent photos/100 trap nights [34], and used Chi-squared tests (p < 0.001) to compare
species-specific differences in the RAI rates among areas and between seasons for the national park.
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3. Results
A total of 55 different camera stations in the three areas were monitored for a total of 10,120 trap
nights (Table 2). Though the number of camera stations was fairly similar in each area, most effort
focused on the national park (8450), with much less in the Forest Reserve (796), and the Indigenous
Territories (874). From this effort, we obtained 6181 independent photos, mostly of mammal (including
two domestic) and bird species. Agoutis (scientific names listed in the Supplementary Material; total
n = 2548 independent photos) and great tinamous (n = 778 photos) were by far the most commonly
photographed mammal and bird species, respectively, in all areas (Supplementary Figure S1). Three
mammal species and 11 bird species were photographed only once.
Table 2. Summary data for camera-trapping efforts during 2009–2016 in three adjacent protected areas
in the northern Talamanca Mountains of Costa Rica.
No. of Species Detected




May–August National Park 19 2630 29 17 46
September–April National Park 21 5820 30 26 56
Forest Reserve 17 796 19 5 24
Indigenous
Territories 17 874 24 8 32
Both All 55 10,120 34 34 68
a Includes domestic dog and domestic pig, and not humans.
Seasonal species accumulation curves in the national park were very similar for mammals
(Supplementary Figure S2), but were perhaps lower for birds during the May through August period
when migratory species may have left for northern breeding ranges. Our sampling comparisons among
areas during the 8-month September–April season (Figure 2) suggested that, for mammals, there may
be fewer species in the Forest Reserve. Our samples for birds outside of the National Park were too
small for meaningful comparison, but two periods of rapid species accumulations occurred over the
course of the multiple year sampling in the park.
Not counting humans, we documented 34 species of mammals including an unidentified bat, rat,
and mouse, and two domestic species (dog and pig; Supplementary Table S1). We also documented 34
species of birds including unidentified nightjar and hummingbird (Supplementary Table S1).
Seasonal differences in species abundance in the National Park were limited to a few species
(Table 3). Agoutis and nine-banded armadillos were photographed more often during May–August,
and great tinamous were photographed more often during September–April.
Statistically different photo rates among protected areas were identified for 23 species (Table 3).
More ocelots, pumas, jaguars, pacas, agoutis, and great tinamous were recorded in the National Park;
agouti abundance was also high in Indigenous Territories compared to Forest Reserve. In Indigenous
Territories, photo rates were also higher for five other wild and two domestic mammals (dogs and
pigs), and five bird species. In the Forest Reserve, white-nosed coatis and northern raccoons were
more common, as was the chestnut-backed antbird; unknown rats and nine-banded armadillos were
also more common in Forest Reserve than in the National Park. Poachers were only recorded in the
National Park, and local people were most often photographed in the Indigenous Territories. We also
noted that even though sampling effort was substantially greater in the National Park, commonly
hunted species including white-lipped peccaries and tapirs (among a total of nine mammal species),
and slaty-breasted tinamou, crested guan, black guan, and great curassow (among a total of 24 bird
species) were photographed only in the National Park, although statistical differences in rates among
areas were not identified.
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Table 3. Areas (and seasons) with highest photo rates (no. of independent photos/100 trap nights) of
mammal and bird species, including humans, detected by camera-trapping efforts during 2009–2016 in
three adjacent protected areas in the northern Talamanca Mountains of Costa Rica. Statistical differences
(p < 0.001) between seasons for BNP are indicated in italics; statistical differences among the three













National Agouti c 37.98 21.94 13.19 19.11
Park Paca 1.44 3.21 0.25 1.03
Ocelot 3.95 4.35 2.01 2.29
Puma 1.14 1.53 0 0
Jaguar 1.06 1.29 0 0.11
Great Tinamou d 7.15 9.54 1.38 2.75
Human (Poacher e) 2.51 2.41 0 0
Indigenous Gray Four-eyed Opossum 0 0 0 0.80
Territory Nine-banded Armadillo f 2.28 1.27 49 3.09
Tamandua 0.08 0.15 1.13 0.57
Red-tailed Squirrel 1.41 1.75 063 3.78
Unknown rat g 148 1.53 4.65 5.95
Domestic dog 1.48 0.84 1.01 2.4
Domestic pig 0.34 0.15 0.13 5.26
Human (Local h) 1.98 1.61 0.50 5.61
Black-earned Wood-Quail 0 0 0 0.23
Olive-backed Quail-Dove 0.61 0.57 0.13 1.72
Spotted Antbird 0 0.02 0 0.34
Streak-chested Antpitta 0 0 0 0.23
Wood Thrush 0 0.07 0.13 2.97
Forest White-nosed Coati 0.57 0.43 2.26 0.34
Reserve Northern Raccoon 0 0.03 0.38 0
Chestnut-backed Antbird 0 0 0.25 0
a Scientific names listed in Supplementary Materials, Tables S1 and S2. b Total number of camera stations/total
number of trap-nights in each area. c Also higher in Indigenous Territories and during May–August in the National
Park. d Also higher during September–April in the National Park. e Persons with hunting/fishing equipment
(e.g., rifle, blowgun, harpoon), or carrying killed wild animals. f Also higher in the Forest Reserve and during
May–August in the National Park. g Also higher in the Forest Reserve. h Persons not carrying hunting/fishing
equipment, or wild animal.
4. Discussion
We recorded only 30 identified bird species of more than 225 previously recorded in BNP and its
surroundings [35] and, as expected, most of those were ground-dwelling birds [33]. The seven bird
species in Table 3 are species associated with mature forest, and thus are vulnerable to changes in the
ecosystem. Many more mammal species occur in the area than we recorded [36], even though most of
those not documented are bats, small rodents, and primates or other arboreal species.
The differences in relative abundances of species we documented suggest that anthropogenic
forces related to protected area regulation have a large impact on many species. Species with greater
abundance or only occurrence in the national park on both types of trails were mammals and bird
species commonly hunted outside of the park, large carnivores rarely documented in other areas, and
poachers. Species found more often outside of the Park were medium-sized mammals, some birds,
and domestic mammals. Local people were identified in all areas, but poachers were only documented
in the National Park, perhaps because the most commonly hunted species (large birds such as great
curassow, crested guan, black guan, and great tinamou, and mammals such as paca, tapir, red brocket
deer, collared peccary, and white-lipped peccary) are only found there.
The prevalence of large birds, jaguars, and pumas in the National Park can be attributed to the
fact that it has been largely free from human pressure, provides food (paca, agouti, and tinamou for
carnivores, and a variety of seeds and small vertebrates and invertebrates for birds), and thus habitat
resources necessary to fulfill required daily activities. The near absence of jaguars and pumas outside
the National Park may be due to reduced prey species abundance as a result of hunting. Moreover,
one big threat for big cats outside the National Park is retaliatory killing by humans when they lose a
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cow, pig, or other domestic animal, or even just from fear. This may also be true for ocelots, though
they still appear relatively common outside of the Park.
The two mammal species that had higher abundance in the FR were white-nosed coati and
raccoon, known to be associated with human settlements and the associated food resources [37,38];
in the FR it is possible for them to obtain dog and cow food, crops, etc. Additionally, their increased
abundance outside of the park may be due to a mesopredator release effect [24] (i.e., the absence or
low frequency of predation by felids [39]) that have been reduced by humans resulting in increased
abundance of smaller competitors.
Bird species do not suffer retaliations as do big cats, but they are persecuted by poachers and
indigenous people and this is likely to be why they were not detected outside the National Park. On the
other hand, some species with higher RAI outside the park were species associated with mature forest
and we expected to find them more in the NP than IT. However, both areas were similar in vegetation
structure and thus their relative abundances may simply reflect differences in available food resources.
It will be important for future studies to sample vegetation and see how its composition may influence
the interpretation of our findings.
Our results showed that even though the ecosystem was similar among the protected areas we
surveyed, the amount of forest cover and the influence of human activities varied (Table 1), and species
abundances differed. The cover types were similar in the National Park and Indigenous Territories,
whereas the forest reserve had less primary forest and some exotic forest plantations, and more human
presence and activities such as roads. These differences in the PRFR compared with BNP and IT were
also related to the regulations of each area. On the other hand, Cabecar indigenous associations have
opted to receive payments for environmental services (PSA by the Spanish abbreviation) as income for
protecting the forest [40], resulting in a substantial area of forest being protected under this scheme,
and increasing habitat connectivity for wildlife.
The characteristics of each area influence the species richness and composition. The National
Park was the most diverse area including very elusive and rare species listed in the IUCN red list.
For example, species that require a well-protected forest such as tapir, white-lipped peccary, oncilla,
jaguar, and paca are present in this area. Paradoxically, the seemingly well-protected forest shelters
important game species and thus appears to currently have more poaching pressure compared with
the Forest Reserve and Indigenous Territories. In the long run, the poaching pressure in the National
Park is something to pay attention to in order to avoid long-term effects [41].
5. Conclusions
The distribution of mammals and birds identified in this study suggest ways to anticipate the
effects of designating specific kinds of protected areas. Better protected sites and areas with enough
vegetation cover to sustain them such as the Barbilla National Park seem optimal. Although Indigenous
Territories had forest cover similar to the Park, the differences observed in wildlife distribution were
likely due to the number of people and the activities allowed in each of them. For example, indigenous
people can and do hunt in their territories, thus the lower abundance of certain species in those area.
In the Forest Reserve, some species that were more common seemed related to what might be expected
in more populated, or even urban, areas. Therefore, we can conclude that even in the same ecological
area, varying regulations related to type of protected area have significant effects on some mammal
and bird species abundances and occurrences. These effects need to be considered when assessing the
overall effectiveness of a protected area for wildlife conservation.
Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/4/134/s1,
Figure S1: Total number of independent photos obtained of A) mammal (including humans; *see footnotes for
Figure S1) and B) bird species in a National Park, Indigenous Territories, and Forest Reserve adjacent to each
other in the northern Talamanca Mountains of Costa Rica. Figure S2: Trend lines and correlations for the number
of camera trap nights (effort) versus total cumulative number of A) mammal and B) bird species photographed
(diversity) in the National Park during September-April (solid line, solid circle), and May-August (dash line, open
circle) in the northern Talamanca Mountains of Costa Rica. Table S1: Photo rates (no. of independent photos/100
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trap nights) of mammal species, including humans, detected by camera-trapping efforts during 2009-2016 in three
adjacent protected areas in the northern Talamanca Mountains of Costa Rica. Significant differences (P<0.001)
between seasons for the National Park are indicated in italics; differences among the three protected areas during
September-April are identified in bold. Table S2: Photo rates (no. of independent photos/100 trap nights) of bird
species detected by camera-trapping efforts during 2009-2016 in three adjacent protected areas in the northern
Talamanca Mountains of Costa Rica. Significant differences (P<0.001) between seasons for the National Park are
indicated in italics; differences among the three protected areas during September-April are identified in bold.
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